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THE COST OF PASTEURIZING MILK AND CREAM. 
By Joun T. Bowen, Technologist, Dairy Division. 
INTRODUCTORY. 


In the pasteurization ot milk and cream there are two systems in 


use at the present time, known as the ‘‘holder” and the ‘‘flash” 
| processes. The holder process consists in holding the milk or cream 


for about 30 minutes after it has been heated to the pasteurizing 


_ temperature of 140° to 150° F., either in the same apparatus in which 
_ the pasteurization takes place or in separate holding tanks arranged 


for the purpose, after which it flows to the coolers. In the flash or 


| continuous process the milk or cream flows from the receiving tank 
| to the pasteurizer, where it is heated to a temperature of from 160° 
_ to 165° F. in from 30 seconds to 1 minute, and from thence direct to 


the coolers, where it is cooled. 
It is obvious that there is more heat required to pasteurize a given 


“amount of milk or cream in the latter process than in the former; 


for example, assuming that the initial temperature of the incoming 
milk is 60° F. and that in the holder process it is heated to 150° F. 


_and in the flash process to 165° F., then for every 1,000 pounds of 


milk to be pasteurized by each of these processes the actual number 
of heat units required to raise the temperature of the milk to the 


_ pasteurizing temperature is: 


B. t. u.t=1,000X 0.95 ? (150-60) =85,500, holder process. 
B. t. u. =1,000X0.95 (165-60)=99,750, flash process. 


It will be noted from the above figures that the flash process of 


| pasteurization requires 16.6 per cent more heat to pasteurize a given 


1B. t. u. (British thermal unit) is the quantity of heat required to raise 1 pound of pure water 1° F. at or 


| Dearits maximum density, 39.1° F. For practical purposes, however, it may be considered the heat 


required to raise the temperature of 1 pound of water 1° F. 
2 The specific heat of milkis taken as 0.95. The specific heat of any substance isits capacity forabsorbing 
heat compared with that of water taken as unity. 


Notre.—This bulletin deals with the cost of pasteurization from an engineering point of view. It con- 
tains desirable information for proprietors of creamer‘es and milk plants and for designers and manu- 
facturers of pasteurizing apparatus. 
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amount of milk than the holder process. Furthermore, the milk 
must be cooled through a correspondingly wider range. These 
figures, however, deal only with the heat absorbed by the milk, and 
do not take into consideration that radiated to the air and absorbed 
by the metal and other materials used in the construction of the 
apparatus. : 

TESTS OF MILK-PASTEURIZING APPARATUS. 


The following tests were made on the pasteurizing equipment of 
five city milk plants. They were considered as representing average 
city plants. The pasteurizing equipment in each case consisted of 
heater, holding tank, regenerator, and cooler. In plants 1 and 2 the 
heater and regenerator were combined in one unit, and in plants 3, 
4, and 5 they were separate. In plant 3 the regenerator was in the 
form of an ordinary tubular cooler, and the hot milk from the holding 
tank was pumped through the coils while the cold raw muk flowed 
over the tubes. In plants 4 and 5 the regenerators consisted of 
double-pipe arrangements, the hot milk flowing through the imner 
pipe and the cold milk through the outer and therefore surrounding 
the inner pipe. 


The boilers were in good condition and were provided with exhaust — 


steam feed-water heaters which heated the boiler feed water from an 
initial temperature of 60° F. to a final temperature of 180° F. The 
boiler pressure in all cases was approximately 80 pounds. The 
efficiency of the boiler and setting is assumed to be 50 per cent in all 
cases, which is believed to be a fair average. However, if there was 
a variation of 10 per cent in the estimated efficiency of the boiler and 
setting, it would affect the cost of pasteurization by approximately 
one-half of 1 per cent. It is further assumed that the coal cost $4 per 
ton (2,240 pounds) delivered in the bunker and that it had a heat 
value of 12,500 B. t. u. per pound. 

The condensed steam was caught as it came from the heater and 


weighed and its temperature taken, the average temperature being 


180° F. The pressure of the steam entering the heater was reduced 
from the boiler pressure of 80 pounds gauge to from 3 to 5 pounds. 
Therefore, the heat absorbed in the heater per pound of steam sup- 


plied was 1,155 — (180-32) =1,007 B. t.u. For the sake of simplicity _ 


the heat absorbed in the heater per pound of steam supplied is taken 
as 1,000 B. t. u. 
The temperatures of the milk were taken at each stage of the process 


and are recorded in Table 1, “Temperature balance.’”’ It will be) 


noted from an inspection of the temperature balance that the cycle of 
operation consisted in starting with the initial temperature of the raw 


milk and raising its temperature to the pasteurizing point, about 145° | 


F., then cooling the milk down to the temperature of the raw milk. 
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_ No account was taken of the cooling below the temperature of the milk 
in the receiving vat, as this had nothing to do with the pasteurizing 
cycle. 

Based on the foregoing data and assumptions the following calcu- 
| lations are made: 


TaBLE |.—RKesults of tests at five milk-pasteurizing plants. 


HEATING. 
| Plant number. 
1 2 : 3 4 5 

fee Lime of operation. ..............- hours. . 4, 366 3. 216 2.0 4.0 3.6 
| Amount of milk pasteurized....pounds..}| 40,577 20, 236 7,628 29, 799 22,055 
| Amount ofsteam used in the pasteurizer, 
BE DOUMIOSE eee crea eee eet Ce PEE 2, 258 1,383 263. 5 1,128 572. 7 

ae in the steam supplied direct from 
| _ the boiler to pasteurizer.......B.t.u-.|2, 601, 595 1, 593, 405 305, 499 1, 299, 542 659, 796 
_ Heat in the steam required to drive the 

pasteurizing equipment....... B. t. u-.}1, 006, 259 444, 704 276, 519 921, 664 829, 439 
Total heat supplied by boiler for pas- 

ROUTIZIN Eartha. olsen ces tote, = B. t. u..|3, 607, 854 2, 038, 109 582, 018 2,221,206 | 1,489,235 

| Heat absorbed in the pasteurizer..do.... 2 258, 000 1,383, 000 263, 500 1, 128, 000 572, 700 
| Total boiler horsepower develeped for 

PASLCUTIZAN Gis Uae es loyal abs lees 108.3 61.2 17.5 66. 7 44.7 
Boiler horsepower per hour developed 

for pasteurizing.............. BE Pe 24,8 19.0 8.75 16.7 12, 4 
Total heater horsepower consumed in 

MASUCULIZIM Geese sh eee BSE 67.8 41.5 7.9 33.9 17.2 
Heater horsepower per hour consumed 

Eni pasteurizing |. S25 52 4. IDS dal dee 15.6 12.9 3.9 8.5 4.8 
Milk pasteurized per boiler horsepower, 

[DO ELING ye, Bs SPAS ee re a 375 330 435 446 493 
Milk pasteurized per heater horsepower, 

[OCHIOG Se 3 eS SEAS sR oS eC OSatts Sea ooeiee 598 487 965 : 879 1, 282 
Coal consumed for pasteurizing. eee 578 326 93 355 238 
Milk pasteurized per pound of coal.do. . 70 62 82 84 93 

COOLING 
Cooling water required in water section 

OnNCOOlER se 28 SS eek cubic feet... 1, 697 960 219 BD lta Prarie earn 

Refrigeration extracted by brine..tons.. : i - 46 - 206 1.70 . 886 
COSTS 


Capital invested in pasteurizing equip- 
ment (pasteurizers, vats, cookers, etc.)..| $5,332. 00 $3,000.00  |$2,065.00 |$3,470.00  |$6, 250. 00 
Interest per day on investment at 6 


per cent per annum......:......... - 876 ~ 493 - 339 - 570 1.027 
Depreciation and repairs per day at 
25 per cent per annum............. 3. 652 2. 055 1.414 2. 380 4, 281 


Capital invested in mechanical equip- 
ment used for pasteurizing (engine, 


owen Shaftimig. tCh)sees osc cue oe ot Sk 1, 000. 00 800. 00 300. 00 500. 00 700. 00 
Interest per day on investment at 6 
per cent perannum................ . 164 131 - 049 - 687 115 
Depreciation and repairs per day at 
10 per cent per annum............. . 274 , 219 - 082 . 137 . 192 
Habor, for pasteurizing..:.......)......- 3. 500 1. 750 1. 500 3. 000 3. 000 
Cost of coal at $4 per ton (2,240 pounds).. 1. 032 . 582 - 166 . 634 - 425 
Cost of cooling water at 50 cents per 1,000 
ReTMOUCHOR tet ere ees pre SE EIS . 848 , 480 . 109 . 158 009 
Cost of refrigeration at $1 per ton......... . 480 - 460 . 206 1. 700 - 886 
Cost of pasteurizing daily supply of . 
TM oS oot Ga See UESs a ae ae ee 10. 826 6. 170 3. 865 8. 666 ® 935 
Cost of pasteurizing one gallon of 
Sa Bos d OR SbE Aa OEe Sacre ae eae . 00229 . 00262 . 00436 . 00251 - 00387 
Average cost for the five plants of 
pasteurizing 1 gallon of milk...... UO BGR Se asec ese lSaeecod aaa Bese GSES Stel ineeorccmecaoe 
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TasLE 1.—Results of tests at five milk-pasteurizing plants—Continued. 


re 


Heat Heat Heat Heat Heat 
Heat | “ac. new ac- | meat! ac 28) ac-. | meat 


count-| SUP> | count-| SUP= | count- J 
* | ed for. ied. ed for. plied. ed for. plied. ed for. plied. ed for. 


Total heat in steam supplied a Cta|-P. ChB Ct Ps Ch. ||P Picts eee Cia ocho Crane ea eee 


HEAT BALANCE. 


— 
i) 
(vs) 
ye 


LO MPBStCULIZER ee ae ee eee ee O&OOs Es LOOZ007}2 355222 1002 00cia=eees— OOS 00; ee 100.00 |... 288 
Heat returned by regenerator. vt SOteen aes AIe 00 joe eeeee HS eedose WZ BIT Boe se 264.27 |-...c08 
Heat remaining inliquid (con- 

Gensedisteam’) sess eee eee ee |e eee ee DASE ee tone AASB | Se ae 45624). ee 1456420. 5 oe 14.62 


Heat required to raise tem- 
perature of initial cnarge of 


RW Lea ee ese ty eee ae ODA Erectors 2 Ale eae 5356.) eel iste eek Soo eee «a 
Heatlostamnolderace- a oe lessee ES AS) emer ERs ee eee ABole i eae oe 291ml hers 12. 42 
Heat absorbed in regenerator 

pyaincominganilkgs ees |ee oe ASNS Glee cess [b4 Lene sseeee LOOT a eee NDZ IST (| ee 264. 27 


Heat absorbed in cooler in 
reducing temperature to 


CHaGOLTawanilka 2s 25 Se sae a fall Beer 64:98: |5-- 52" ATE OSH seo Tb tet Anes 34.39 
Loss fn radiation, exchisie of 

older kt as hoe ee ee ae ee He Sie eae 1298 Elsa ee 265802 125- aene L628 (alse eee 38.57 

ROtALE ee Ae Sie a 143.86 |143.86 |141.00 |141.00 peree! 251.87 |224.76 |224. 76 1364.27 | 364.27 


21 32 43 54 
Rawal 5.25 0c. son sadac eee ke een meee one: 57.86 | 59.40| 54.00 47.60 
Reveneraton- noses cos csactioces ccs cen secesas ee SR -|sesceonaas | soenceesce | 131.30 107.50 124.10 
RAseinereseneratols. sts sees eee eet eee eee Te Pc Seren eal ae es it ae her 71290 53.50 76.50 
Peri CENUTISOs. co acc teen eee saceeoee percent. =|2225 = ee aes 84.00 60.53 78.30 
Heaters Sctcoscbc ccs cece cceccccubese os secu aoess il Da 150. 40 145.00 142.40 145.30 
Vise re CA (Ole ees ce ciae see ae ee eee eee ae ee 92.54 13.70 34.90 21.20 
Percent TiS@:e sso c oe eae eos e een oeeee POLicent. spate esas os eee ee 16.00 39.47 21.70 
Total per cent rise......... Eivawiseieanel per cent.. 100.00 100.00 100.00 100.00 
Holdersa=s-e ses cece e aenincniasne cosecicecee seseeee °F..} 146.00 150. 40 145.00 142.40 143.30 
Drop in holder..........02222.-+22022-2--22----- fl ss 8.00 4.24 2.25 1.33 3.90 
Per centioropecs. oes e eee eon eee per cent.. 9.70 4.58 2.63 1.50 3.99 
Regeneratorss:* f° 3 Soacgecte a weccecet wes eee eceme hee ja 138200 146.16 142.75 141.07 141.40 
Drop in) Tegenerator: .ssceescwyn aces ecces eee os eee 29.75 34.16 63.45 57.07 83.00 
PeriCentiGlops-c...crccscens cosceccaeee per cent... 36.00 36.85 74.12 64.50 84.96 
Coolest ee sok wcal metic ee ss < cemet See eee °F. .| 108.25 112.00 79.30 84.00 56.00 
Dropdm Coolers Ses ose ess cece eee eee ol es 44.75 54.14 19.90 30.00 10.80 
‘Pen cemharo pets cae ose eee eee per cent... 54. 30 58.57 23.25 34.00 11.08 
Motaliper centdrope-aaqsesee nee eee per cent..; 100.00 100. 0G 100.00 100.00 100. 08 
1 Regenerator in heater. 3 Direct expansion coils in cooler. 
2 Surface cooler used as regenerator. 4 Cooled entirely by refrigerated water. 


ECONOMY IN USE OF REGENERATORS. 


Referring to the heat balance for the foregoing plants in which 
regenerators, or heat exchangers, were used, it will be noted that 
in some cases the heat returned by the regenerator is considerably 
in excess of the total amount supplied by the heater. It should 
be borne in mind, however, that this heat is exchanged from the 
hot milk leaving the holder to the cold incoming milk, the heat 
supplied by the steam going to make up the losses; consequently 
the greater the efficiency of the regenerator the less heat is required 
from the steam. The hot milk from the holder is transferred to the 
cooler usually through the inner pipe of the regenerator; consequently 


= 
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the milk entering the heater is thus heated, while that entering the 
cooler is partly cooled, the cooler proper reducing the temperature 
to the point desired. The function of the regenerator is therefore 
to economize heat by transferring the heat from the hot to the cold 


milk. The hot milk coming from the heater flows into the holding 
vat and is here held for about 30 minutes. It then flows through 
_ the regenerator to the cooler, where it is cooled by water and brine 


circulation, direct expansion of ammonia in the cooler pipes some- 


- times being used instead of brine. 


Just the reverse is true in the case of the cold milk; that is, the cold 
milk comes from the receiving vat, where it is at a temperature of 
about 55° F., and goes through the outer coils of the regenerator, 


_ where it is heated by the returning hot milk. It is obvious, therefore, 


that any heat transferred from the hot to the cold milk represents 
just so much gain in economy. If it were possible to transfer all the 


_ heat in the hot milk above the initial temperature of the raw to the 


cold incoming milk after the first charge had been once heated to 
the pasteurizing temperature, the heater could be dispensed with 


_ entirely, and the pasteurizing would go on indefinitely. This would 


constitute, however, a theoretically perfect machine, which is an 
impossibility; but the more perfect the regenerative apparatus the 
less heat will have to be supplied by the heater. The heat balance 
in test No. 5 shows that it would have taken over two and a half 
times the heat had no regenerator been used. 

In all of the foregoing tests the pasteurizing was done with live 
steam taken direct from the boiler but reduced in pressure to from 
3 to 5 pounds. Subsequent tests show that the pasteurization could 


| just as well have been done with exhaust steam, and by so doing a 
_ load of from 8.75 to 24.8 boiler horsepower could have been taken off 


the boiler plant except in plant 1, where the exhaust steam was 
utilized for making ice in an absorption ice plant. 

Attention is invited to the saving obtained by the use of regenera- 
tors in the foregoing tests. The boiler horsepower per hour required 
for pasteurizing in tests Nos. 1, 2, 3, 4, and 5 was 24.8, 19, 8.75, 16.7, 
and 12.4, respectively. Without the regenerator, or heat exchanger, 
the boiler horsepower per hour required for pasteurizing would have 
been increased to 35.6, 26.78, 22, 37.5, and 45.1, respectively. Thus 
the average increase in fuel would have been 96.8 per cent, or practi- 
cally doubled. In addition to the direct saving in fuel due to exchang- 
ing the heat from the hot miik coming from the holding tank to the 
cold raw milk on its way to the heater, there is an average saving 
in refrigeration of approximately 60 per cent, for it is evident that 
the heat taken out of the hot milk in the regenerator takes just 
so much work off the cooler. By referring to the temperature bal- 
ance in the table it will be noted that the drop in temperature in the 
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regenerator varied from 29?° to 83° F., an average of 534° F. In 
other words, the milk arrived at the cooler 534° F. lower in tempera- 
ture than it would have done had no regenerator been used. 

The regenerator is an efficient piece of apparatus when viewed 
from an engineering standpoint, but it has its disadvantages when 


viewed from the bacteriological standpoint, as it is difficult to keep 


absolutely clean and sterile unless given particular attention. 
DEPRECIATION OF DAIRY EQUIPMENT. 


Owing to the rough usage to which dairy apparatus is subjected, 
having to be taken apart for the purpose of thorough cleaning after 
each operation, and to the rapid development and improvement 
in this line of apparatus, it is assumed that about four years is its 
average useful life, at which time it is either worn out or antiquated 
and must be replaced. ‘Therefore, it has been depreciated at the rate 
of 25 per cent per annum. | 

The mechanical equipment (engine, boiler, shafting, etc.) necessary 
for the operation of the pasteurizing apparatus and which has been 
depreciated at the rate of 10 per cent per annum covers only that part 
of the total equipment which is used for pasteurizing. In other words, 
the total value of the mechanical equipment of the plant is prorated 
among the various processes through which market milk passes in a 
modern city milk plant. 


TESTS OF CREAM-PASTEURIZING APPARATUS. 


Tests made on the pasteurizing equipment in creameries covered 
both the flash and the holder processes. The pasteurizing was also 
accomplished by using (1) live steam direct from the boiler, (2) ex- 
haust steam from the engine or from steam-driven pumps, and (3) hot 
water heated by the exhaust steam from the steam-driven auxiliaries. 

In calculating the heat absorbed by the cream in the following tests, 
the specific heat of cream is taken as 0.90. In this connection it is 
well to state that there seems to be very little known at the present 
time concerning the specific heat of cream. It does, of course, vary 
to a certain extent with its chemical and physical composition. At 
a certain point on the temperature scale its specific heat is greatly 
increased, apparently above unity. This is attributed, however, to 
the melting of the butterfat and a part of the absorbed heat being used 
to effect the change. 

In Table 2 are given the results of tests on the pasteurizing equip- 
ment of four creameries. The tests were made under actual working 
conditions. In tests Nos. 1, 2, and 3 the pasteurizing was done by 
employing exhaust steam and in test No. 4 live steam was taken direct 
from the boiler through a reducing valve. 
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TEST NO. 1. 


Referring to test No. 1, the pasteurizing was done with hot water 
which was heated by exhaust steam from five steam-driven turbine 
separators and five reciprocating steam pumps. The arrangement 
for utilizing the heat in the exhaust steam is illustrated diagrammati- 
callyin figure 1. Asitwasimpracticable to put a back pressure on the 
small steam turbines used for driving the separators, as would be done 
if they were allowed to exhaust under water or into a milk heater, the 
arrangement shown was resorted to. The exhaust from the separators 
and pumps was piped into the box above the water level. The hot- 
water circulating pump took the water from the box and forced it 
through the internal tubular heater and back into the box. The 
spray pipe, located in the top of the box, above the water level, was 


ee 
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Fic. 1.—Elementary diagram of hot water pasteurizing equipment. 


perforated with a large number of small holes through which the re- 
turn water was sprayed. The heat contained in the exhaust steam 
was taken up by the water, the equipment acting on the principle of 
the jet condenser. There was a valve placed on the end of the spray 
pipe for controlling the temperature of the water. By opening this 
valve the return water was allowed to pour out into the box without 
absorbing much heat from the steam, while, on the other hand, if the 
valve was closed all of the return water was sprayed, thereby absorb- 
ing themaximum amount of heat. The temperature of the water was 
controlled very satisfactorily by this arrangement. ‘There was an 
overflow pipe placed in the box, as indicated, which kept the water 
at a constant level by allowing the condensed steam to overflow into 
the sewer. There was a vapor pipe on one end of the box which 


I 


We ERs t yy) OT See 4S yy ae 


oe 


See So aN a 


ay r 


Re ee ee SS ee ee eee 
‘ 


8 BULLETIN 85, U. S. DEPARTMENT OF AGRICULTURE. 


allowed the uncondensed steam to escape to the atmosphere. The ex- 
haust box was built up of cypress lumber, being about 12 inches square 
by 14 feet long. The heat contained in the exhaust steam from the 
five steam turbine driven separators and five reciprocating pumps was 
sufficient for pasteurizing 17 per cent cream at the rate of 18,360 — 
pounds, or 9.18 tons, per hour. This was actually done during the 
first hour of test. The initial temperature of the cream was 49.5° F., 
and it was raised to a pasteurizing temperature of 147° F., or through 

a range of 97.5° F. . 

As 1 boiler horsepower is equivalent to the evaporating of 344 
pounds of water from and at 212° F., the boiler horsepower per hour 
required for pasteurizing under the above conditions was 67.1. Itis 
therefore obvious that had this exhaust steam been allowed to go to 
waste and live steam been taken direct from the boiler for pasteuriz- 
ing, the boiler capacity of the plant would have had to be increased 
by this amount, viz., 67.1 horsepower. In other words, there was a 
saving in boiler capacity, by using the heat in the exhaust steam for 
pasteurizing, of 67.1 horsepower. As has been previously explained, 
it was necessary to employ some such arrangement as that illustrated 
in the diagram in order to avoid putting a back pressure on the turbine 
separators, although this arrangement entailed a loss of heat due to 
the double heat transfer from the exhaust steam to the water and from 
the water to the cream. 

Assuming that the boiler and furnace efficiency was 50 per cent — 
and that the coal used had a heating value of 12,500 B. t. u. per 
pound, then the fuel saved per hour with this arrangement is 
iS eee = 204-359 pounds. If the pasteurizing equipment is 
run 4 hours a day for 310 days in the year, the annual saving in 
359 X 4X 310 

2,240 
to $794.80. In addition to the fuel saved, there is a further saving 
due to the decreased boiler capacity of the plant. 

It is evident that if the exhaust steam from the separators and 
pumps had been allowed to escape it would have been necessary 
to have taken live steam from the boilers for the purpose of pasteur- 
izing, and this would have taken an additional 70-horsepower boiler, 
which would have cost approximately $14.75 per boiler horsepower 
installed, or $1,032.50. Figuring the interest on the money invested 
at 6 per cent per annum and depreciation and repairs at 10 per cent, 
there is a saving in addition to the fuel of $165.45, making a total 
saving of $794.80 +$165.45 = $960.25, to say nothing of the increased 
labor of firing the boiler. Adding this to the actual cost would 
bring the cost of pasteurizing 100 pounds of cream in this particular 
plant up to $0.0512, or an increase of 12.3 per cent. The fuel cost, 


fuel is = 198.7 tons, which at $4 per ton would amount 
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however, is practically doubled when steam is taken direct from the 
boiler for pasteurizing instead of utilizing the exhaust steam. The 
steam pressure is reduced from boiler pressure to about 3 pounds by 
some form of reducing valve, consequently there is approximately as 
much heat in the exhaust steam from the engine, or steam-driven 
auxiliaries, as there is in steam taken from the boiler. The amount 
of fuel mentioned above is for pasteurizing, and is not to be confused 
with the total amount used in firing the boilers. In other words, 
it is the fuel required to evaporate in the boiler a certain amount 
of water which is used for the purpose of pasteurizing the cream. 
With this arrangement the pasteurizing was done with heat that 
would otherwise have been wasted, and furthermore it took a load of 
67.1 horsepower off the boiler plant.’ 


TESTS NOS. 2, 3, AND 4. 


Tests Nos. 2 and 3 were also made with exhaust steam, but the 
arrangements were different from the foregoing, as the exhaust 
from the engines was piped directly into the heater. The only 
load on the engines at the time was the pasteurizers and the cenitrif- 
ugal cream separators, which amounted to very little. The exhaust 
steam available, however, was sufficient to operate the pasteurizers 
up to their full capacity. 

Referring to the summary of the tests in Table 2 it will be noted 
that the fifth item, ‘‘Heat in steam required to drive pasteurizing 
equipment,” is blank except for test No. 4. The reason for this 
is that the engine or steam-driven auxiliaries from which exhaust 
steam was used for pasteurizing are considered in the light of pressure- 
reducing valves, the mechanical power being, so to speak, a by- 
product. Thatis to say, there is a loss of heat in steam due to drop in 
pressure, and while the wire drawing of the steam through the valve 
will superheat the steam to a certain extent, the loss may be con- 


_. sidered the same for the purpose of this paper, regardless of whether 


this drop is caused by passing through a pressure-reducing valve or 
through a steam engine. In test No. 4 the steam used for pasteuriz- 
ing was reduced in pressure by a valve, consequently the energy 
represented by the difference in pressure and temperature of the 
steam before and after passing through the reducing valve is a 
clear loss. In neither case, however, was the heat lost due to drop 
in pressure of the steam available for heating the cream. The 
380,800 B. t. u. in column 4 represents the heat in the steam at 
boiler pressure which was used in the engine for driving the pasteur- 
izer, separator, shafting, etc., required in the process of pasteurizing, 
and as the exhaust from the engine was allowed to go to waste it is 


1The use of exhaust steam for other purposes in milk plants is treated in Bureau of Animal Industry 
Circular 209. 
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obyious that the 380,800 B. t. u. represented so much additional] 
heat over the exhaust-steam systems in tests Nos. 1, 2, and 3. 

As stated above, in test No. 4 the pasteurizing was done by live 
steam from the boiler instead of exhaust steam, and by referring 
to the tabulated results of tests it will be noted that the-over-all _ 
thermal efficiency of test No. 4 is only 43.7 per cent while that of 
tests Nos. 1, 2, and 3 is 69.1, 60.6, and 69.7 per cent, respectively, 
although the thermal efficiency of the heater in test No. 4 was the | 
greatest. 

The over-all efficiency is here taken as the ratio of the heat supplied 
by the boiler to the steam to that absorbed by the cream. 

The thermal efficiency of the heater is the ratio of the available 
heat in the steam supplied to the heater to that absorbed by the — 
cream. 

HEAT BALANCE. 

No heat balance is given in Table 2 because the pasteurizing 
equipments in tests Nos. 1, 2, and 3 were installed in market cream 
plants, that is, plants whose business consisted in the handling 
and marketing of cream. The cream as received from auxiliary 
creameries was first run through separators, the result being a 
heavy cream containing about 40 per cent fat. This heavy cream 
on the way to the coolers was mixed with skimmed milk in the correct 


proportion to produce a cream containing a predetermined amount 


of fat. In view of the methods employed in these plants, it was 
impractical to get out a heat balance showing the distribution of 
heat in the pasteurizing cycle. 


TABLE 2.—Results of tests of four cream-pasteurizing plants. 


HEATING. 
Plant No. 
1 | 2 3 4 
TT AHIMNe DLODECAMDR es =. St nee 5 528 Pa Eee See eee hours. - 3.53 1. 733 1.5 1. 166 
Amount ofcream pasteurized..................- pounds..| 50,683 6,928 5,019.5) 4,571 
Amount ofsteam used in the pasteurizer...........do--.. 5,588.5 1, 088 647.5 529 


Heat supplied by boiler to steam, 80 pounds pressure, 
B.t.u_.|6, 437,646  |1, 253, 478 746,003 {617,113 

Heat in steam required to drive pasteurizing equipment, 
t 


oe) EPS ep eee: CSS omer a5 a Pees Sa 380,800 
Heat supplied to pasteurizer.................-.---- do....|5,589,500 /|1, 088,000 647,500 [529 000 
Total boiler horsepower developed for pasteurizing, 
DE4RG cee 193.2 37.6 22. 4 29.9 
Boiler horsepower per hour developed for pasteurizing, 
BL Pe 04. 7 21.7 14.9 25.6 
Total heater horsepower consumed for pasteurizing.do.... 167.7 32.6 19.4 15.9 
Heater horsepower per hour consumed for pasteurizing, 
BIE 47.5 18.8 13.0 13.6 
Cream pasteurized per boiler horsepower.......- pounds.. 262 184 224 153 
Cream pasteurized per heater horsepower. ......-.. dozi}} 302 212 258 287 
Coal bursied in pasteurivine. 27s lacs nes cee dor 2. 1,030 200 119 160 
Cream pasteurized per pound ofcoal...........---- do.. 49.2 34.6 42.2 29.0 
Total B.t. u.absorbed by cream................ B. t.u. 14, 447, 433 760, 030 520,171 |436,176 
The over-all thermal efficiency of pasteurizing equip- 
MONG os ees ee Se ee See. Me te ae per cent... 69.1 60.6 69.7 43.7 
Thermal efficiency of heater. .............-..-...-- ae 79.4 69.8 80.3 82.5 


_ THE COST OF PASTEURIZING MILK AND CREAM. 11 


TABLE 2.—Results of tests of four cream-pasteurizing plants—Continued. 


COOLING. 
Plant No. 
1 2 | 3 4 
Cooling water used in water section of cooler. .cubic feat. . 1,877 704 169 148 
Ice used in cooling cream to its original temperature, 
GG ITS eeepc i E M P ea is aA eee eA ce ata aly Le 3. 44 . 92 83 1.72 
COSTS. 
Capital invested in pasteurizing equipment (pasteurizer, 
VetiS MCOOICIS CLC) Be ccieetr eae ere aoe see Ue $7, 400. 00 $1, 255. 00 $600.00  |$700. 00 
Interest per day on investment at 6 per cent per an- 
TUT eee eee ee re mae Gu 1. 233 . 206 . 098 2115 
Repairs and depreciation per day at 25 per cent per 
TUM eee aap oe ine alee Cures cu hdee cure Seles sia) 6 5. 068 . 586 411 . 489 
Capital invested in mechanical equipment used for pas- 
teurizing (engine, boiler, shafting, etc.)................. 1, 350. 00 1, 000. 00 500. 00 800. 00 
Interest on investment per day at 6 per cent per an- 
[DDO Les SS coe ches iG cay ee El aS . 222 . 164 . 082 . 131 
Repairs and depreciation per day at 10 per cent per 
RINT UTNE ae MUNG VN REM SMe Rg 370 274 . 187 . 219 
TS AVOGLOTMPASLCUTIZIN OS wemreceer ne ee ee 10. 000 2.000 2. 000 2. 000 
Cost of coal at $4 per ton (2,240 pounds).................. 1. 839 BOO . 208 . 285 
Cost of cooling water at 50 cents per 1,000 cubic feet....... . 938 . 802 . 084 . 074 
Cost ofreirigeration at $1 per ton...............2..0-0005- 3. 440 . 920 . 830 1.720 - 
Cost of pasteurizing daily supply ofcream............ 23. 110 4. 857 3. 845 5. 033 
Cost of pasteurizing 1 gallon ofcream................- . 00378 . 00582 . 00636 . 00939 
Cost of pasteurizing 100 pounds ofcream............. . 0456 .0701 . 0765 .1101 
Average cost of pasteurizing 1 gallon of cream in the 
POUITIECS US ares ee eels toe ieee es Re a a SOOGSAIE eskinn Raes veg iay Syeee ia alegaeaanass 
Average cost of pasteurizing 100 pounds of cream in 
UNE MOUTACES ES eee mine eos cine oe irersidas See ee Riek as SUA tines Sa HIE a SERA AE ato an acs Hi 
TEMPERATURE BALANCE 
Ik 2 31 42 
FRemiperatuneyvol rawr Soe eo ee Ns ale p49N0 42.0 39.3 56. 25 
Memperatureo fmilksineheaterten sO slows lee iy Lt ee °F..| 147.0] 169.6] 160:2]| 167.25 
aS IO NUEM Pena CURE MMNMe ALOR ye ego ie cape pant = cinieis tes Se ninjas Abie < SB 97. 8 Ni 127.16) 1) 120. Shei OO 
MOtal Per CON MPISee emmeee Mee eee ea te eee per cent..| 100 100 100 100 
emperatureonmillcimmoldens Jose oes eS ee sd ipa faa 47 20 0 a te CGO GP aa ED aca 
Drop ontemperaturemaholder ss sot. vk soso sce kes Soe Sys SOe SAGES ame a Pets 
Rericenvaropsmnoldenesiqec see hoe se ceca oe co ies © per cent. . ea bil Fenced I eal ies Mr A es 
Memperature of milk imiseparator!! <2 2. 222.525.2548 . ect. SSA 1440 15258: \0 160.2 ss See 
Drop of temperature in separator (milk)............-2.-.-.--......- eh Onis 9.2 Wee SESH RESIN eee 
Per cent drop in separator (milk). ..............-..-...-. per cent... 9.4 5.6 PRONE lee een 
Drop of temperature in separator (cream).....................--.-- SRS ues 15.3 Sulla Ne eee 
Per cent drop in separator (cream).............-..------- percent..| 13.2 12.0 Aes NPVs se 
Temperature of milk in cooler. ..............-....---2-. 220-2222 eee HES et S48 l4ONGr 5 Sea sie e 
Drop of temperature in cooler (milk)...............2-22....-.---22.-- SHEA Sodoal LOSHOR ie LlO wy Ieee. ae 
Per cent drop in cooler (milk).................222.2.....- per cent. e 87.5 81.2 OS OU | Os uee we 
Temperature ofcream in cooler.................2.-22 2-20-2222 e eee SAN ASTR2e le AS Teor Moos sl LOTe2o 
Drop of temperature in cooler (cream). ........-..........----...-- oF. ecu re 95.5 | 115.9} 111.00 
Per cent drop in cooler (cream)...................2.----- percent..} 83.7 74.8 Q5 a9 eee 
‘Rotalypercen Ganop rer see wee aN ee ee a do....] 100 100 100 100 
1 No holder. 3 Large drop in holder was due to stirring apparatus. 


2 No holder or separator. 


The summary of the tests in Table 2 gives the cost of pasteurizing 
at the different plants under the conditions at which each particular 
plant was operating at the time of the test. Therefore the cost of 
pasteurizing 100 pounds of cream will vary slightly in the different 
plants due to the varying conditions. It will be noted from an 
inspection of the temperature balance that the initial temperature 
of the raw cream varied in the different plants and also the final or 
pasteurizing temperatures. In order to make a comparison of cost 
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it becomes necessary to put them all on an equal basis, so far as it is | 
possible to do so, and for this purpose it is assumed that the pasteur- 
izing cycle consisted in raising and lowering the temperature of the 
cream through a range of 100° F., all other conditions remaining the 
same. The cost of pasteurizing 100 pounds of cream in the different 
plants, corrected as above, is $0.0459, $0.0650, $0.0726, and $0.1056 
for tests Nos. 1, 2, 3, and 4, meneutersl 

The amount us cream handled will, of course, affect the unit cost 
to a great extent, as may be referee from the summary of tests. 

Referring to test No. 4, the power required for driving the pasteur- 
izing equipment was excessive, as a considerable amount of line 
shafting was uselessly driven while pasteurizing. This, together with 
taking steam from the boiler through a reducing valve instead of 
using the heat from the exhaust steam, accounts for the high cost of 
pasteurizing at this plant. 

CONCLUSIONS. 


The conclusions drawn from the foregoing tests are as follows: 

1. The flash process of pasteurization requires approximately 17 
per cent more heat than the holder process. There is a correspond- 
inely wider range through which the milk or cream must be cooled, 
both adding extra cost to the pasteurizing cycle. 

2. The proper design and arrangement of the heater, regenerator, 
cooler, piping, and refrigerating apparatus have much to do with the 
efficient operation of the plant. 

3. With poorly arranged apparatus and leaky piping the loss in 
heat may reach approximately 30 per cent of that required to pas- 
teurize, which it is practicable to reduce to a negligible amount. 

4. It is practicable to use exhaust steam from the engine and 
steam-driven auxiliaries, or water heated by exhaust steam, to 
furnish heat with which to pasteurize both milk and cream. 

5. Usually there is sufficient heat in the exhaust steam which is 
allowed to waste in milk plants and creameries to do the pasteurizing. 

6. For every 400 pounds of milk pasteurized per hour with exhaust 
steam, approximately one horsepower is taken off the boiler plant. 

7. The average cost of pasteurizing 1 gallon of milk is shown to be 
$0.00313. | 

8. The average cost of pasteurizing 1 gallon of cream is shown to be | 
$0.00634, or $0.0756 per 100 pounds. 

9. It must be understood that the cost of pasteurizing as figured 
in this paper deals only with the pasteurizing cycle, viz, starting with 
the initial temperature of the raw milk and raising its temperature © 
to the pasteurizing point, then cooling the milk down to the initial — 
temperature of the raw milk. In other words, it has been attempted 
to show the additional expense encountered in producing pasteurized 
milk and cream over the raw product. 
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